This report examines and ranks seven materials processing techniques that may be used to consolidate the undissolved solids, reduced soluble technetium, and soluble noble metals from nuclear fuel reprocessing into a low-surface area waste form. Commercial vendors of processing equipment were contacted and literature researched to gather information for this report. Typical equipment and their operation, corresponding to each of the seven techniques, are described in the report based upon the discussions and information provided by the vendors. Although the report does not purport to describe all the capabilities and issues of various consolidation techniques, it is anticipated that this report will serve as a guide by highlighting the key advantages and disadvantages of these techniques.
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INTRODUCTION
With the resurgence of nuclear power in the world, consideration is being given to the reprocessing of used nuclear fuel (UNF). As part of recycling, the management of the wastes that would be generated during processing is being discussed. In the UNF, elements with low solubility in the UO 2 matrix move from the matrix to grain boundaries, pellet-pellet gaps, and fuel-cladding gaps. Of particular interest in this document are the six metals Mo, Pd, Rh, Ru, Te, and Tc that form the "five metal phase" (Cui et al. 2004; Kleykamp et al. 1985; Kleykamp and Pejsa 1984) . Tellurium was found by Cui et al (2004) , but not by Kleykamp and coworkers. These metals form an alloy known as (epsilon) ε-metal. It forms in the grain boundaries of the UO 2 matrix as ~ 5-μm diameter particles. Because it is constituted of normally unreactive metals, these small particles largely survive the fuel dissolution process. Currently, the plan is to dispose of these particles by first dissolving them in molten Fe or stainless steel to form an ingot. Alternatively, these particles can be melted to form an ingot without first diluting with inactive (i.e. Fe) metal. As this phase contains roughly half of the Tc in UNF, it stands to reason that adding the soluble fraction of the Tc and noble metals (Pd, Rh, and Ru) into this waste form is appropriate. Therefore, the subject of this document is to investigate processes that could be used to melt or otherwise consolidate these small ε-metal particles and reduced Tc and noble metals into a monolith with low surface area.
After the dissolution of nuclear fuel, there remains in the dissolver a material called undissolved solids (UDS (Kleykamp et al. 1985) . Some other undissolved material is likely to be present as well, such as molybdenum-zirconium oxides. The amount of UDS is relatively small, amounting to at most about 30 kg of waste per day assuming an 800 tonne UNF per year plant that is processing 5-y stored fuel with a burn-up of 50 GWd/t and averaged over 365 d, although the actual operating efficiency would be less. Included in this 30 kg is the Tc and noble metals from processing liquids, assuming they are reduced to metal, recycled, and combined with the Tc and noble metals that come from the UDS. Although the actual density of the ε-metal phase is not well known, most of the constituent metals have densities of 1210 3 kg/m 3 . The density calculated from the constituent pure metal densities relative to their concentration in ε-metal is 1210 3 kg/m 3 . At this density, the maximum volume of metal produced would be about 2.5 L/d.
One of the major considerations for a waste form is its long-term durability. It is rare to find a natural analogue that has not only similar properties, but similar origin. Such is the case for the ε-metal. This phase or its remnants have been found as part of the natural reactors in Gabon (Gauthier-Lafaye, Holliger, and Blanc 1996) . These reactors were active about 2 Ga ago. Remnants of the ε-metal have been found and characterized (Utsunomiya and Ewing 2006) . Results suggest that this metal phase has the durability appropriate for long-lived isotopes in a repository.
The goal of the proposed method is to consolidate the waste products into a single, low-surface area form to minimize the release rate of the long-lived 99 Tc (t 1/2 = 2.13  10 5 y) and 107 Pd (t 1/2 = 6.5  10 6 y). Temperature, pressure, and time are the key parameters for any candidate process with which to consolidate the high-surface area waste products into a monolith. Because of the relatively small volume, several technologies can be considered as viable candidates for this material. They are arc melting, induction melting, furnace melting, hot uniaxial pressing (HUP), hot isostatic pressing (HIP), sparkplasma sintering, and microwave sintering. The parameters used to compare and contrast these techniques include space needed for their operation, flexibility in accepting wide-variety of feed-stock (chemistry, form, quantity), ease of maintenance, generation of additional waste streams, cost, and any special considerations. There are some characteristics of the waste that may cause some of these technologies to be less adaptable than others. In addition to the techniques mentioned above and examined in this report, there are several consolidation techniques that have been reported in the Table 1 shows the forecast composition of the waste both as UDS and as ε-metal phase alone. There is a small contribution to the waste from Zr, presumably as undissolved ZrO 2 from the cladding, and fission product Zr. As indicated, there is likely to be other undissolved solids, but these are as yet unknown. It is important to recognize this when selecting a process to convert these into a solid; the process should be flexible with respect to the waste composition. Figure 1 provides estimates of the cylindrical dimensions and the number of ingots needed to account for a total volume of 2.5 L. The results shown in Figure 1 are used as a factor in selecting the size of the equipment to be used in the ranking of processes discussed below.
Waste Composition and Quantity
Parameters Affecting Consolidation
The act of consolidation requires temperature, pressure, and time. Each of these parameters is dependent on the thermo-chemical-physical properties of the constituents or phases that may form during the consolidation process. A fairly detailed knowledge of the thermodynamics (Kaye, Lewis, and Thompson 1) These are the totals contained in the UNF; of the Zr, 5% is part of the UDS and is combined with the ε-metal.
2) Contains the 5% of the total Zr as part of the UDS.
3) Total UDS plus recycled noble metals.
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2007; Kleykamp 1989) is known but the kinetics of phase formation in this multielement system comprising Mo, Pd, Rh, Ru, Tc, and O is not known at present a . Further, the compositions of the incoming waste stream also vary over the course of multi-year operation of the plant, as the composition of the ε-metal is known to change with fuel burnup (Kleykamp et al. 1985) . Recycle of the soluble fractions of the noble metal and Tc also complicates the prediction of the composition of the end product.
(A) Melting and Casting: The waste material is heated until molten, cast into an ingot, and allowed to cool. Process variations are possible depending on the heat source. a. Advantage: The method ensures mixing of the raw materials, formation of ε-metal and eventual solidification into a monolith with minimal porosity. b. Disadvantage: Concerns relating to (i) generating and maintaining high temperatures (>2000 C) (ii) volatilization and capture of metal fumes, iii) potential for segregation of phases such as oxides, and (iv) containing the reactive melt.
(B) Sintering: Agglomeration and consolidation occurs through solid-state diffusion under a pressure or load. Process variations are possible depending upon the source of heat and/or the means by which pressure/load is applied. a. Advantage: Global melting is not involved, thus, minimizing concerns relating to melting as listed in (A) b, above. b. Disadvantage: The process requires pressure or load to help sinter the raw material to full or close-to-full density, thus, necessitating a load or pressure generation system whose operation in a radioactive hot-cell can create safety and maintenance concerns.
It is noted that, depending on the local composition and temperature, a technique belonging to one type may involve some aspects of the other. For example, a sintering process may involve formation of transient liquid phases and a melting process may involve non-molten phases.
It should also be noted that the systems discussed below are sized to accommodate at least 3-L/d throughput for the consolidated metal.
a Tellurium is also part of the ε-metal, but is ignored in these studies, for the moment (see the Introduction). 
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Arc Melting
In this method, a high frequency arc (plasma) is used to melt the target material. There are basically two methods by which this can be done. A pressed pellet of the metal to be melted is placed on a water-cooled hearth and the arc is struck between a tungsten rod and a grounded metal spike. The arc is then moved to the pellet by moving the tungsten wand, usually by hand. Temperatures in excess of 3000 C may be achieved, depending on the power input. The wand is moved back and forth to achieve good stirring of the molten mass and uniform melting throughout the charge, both achieved by the turbulence induced by the plasma arc. In the second method, a crucible containing an initial charge of ε-metal is where the melting takes place. Additional metal is added after the initial charge is molten. A gas atmosphere is required to carry the arc. Typically, an inert gas, such as He, Ar, or 3 vol% H 2 in Ar, is used either static or flowing. Low oxygenbearing gases are used to avoid slag formation.
A picture of the typical industrial arc melter is shown in Figure 2 . In this example system, a single, nonconsumable plasma torch (transferred-arc type) is inserted from the top and can be manipulated along x, y and z axes. The raw material is inserted in compact form (size of a hockey-puck) and arc melted in a water-cooled copper hearth (diameter ≥ 100 mm, length is selectable) in helium gas atmosphere. The ingot is withdrawn within the chamber during continuous feeding and melting until the desired length of the ingot has been formed. Subsequently, the torch is shut-down, ingot allowed to cool and chamber vented to remove the finished ingot. Associated equipment (not visible in the above image) has a total footprint of ~4.75 m2 and is itemized as follows: Power supply (~0.9 m  ~1.5 m), motor control center (~0.4 m  ~0.5 m), water system (~1.2 m  ~1.8 m), control console (~0.8 m  ~0.8 m) and vacuum pump (~0.5 m  ~0.8 m).
Advantages: This method is very fast. The arc melting process takes place in seconds to minutes. The metal is cooled rapidly because the melting is done on a water-cooled hearth. This also prevents the melt from sticking to the hearth.
Disadvantages: Because this method requires gas to be present albeit inert gas, some contamination is likely. However, the main disadvantage is the likelihood of high volatility of one or more of the metals or oxides, although laboratory studies with 10-g specimens indicate that less than 1 mass% of the metal is volatilized. Metal volatility generates problems for cleanup (the inside of the arc melter) to minimize radiation to the workers and off-gas cleanup (secondary waste or recycle). Accumulation of slag, especially from the non-metallic portion of the UDS, is likely to cause problems with arc melting, requiring higher power input to achieve a suitable melt. The slag may need to be disposed as secondary waste, but could be incorporated into the metal waste form, albeit not homogeneously dissolved. 
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Size: Although laboratory arc melters are commonly available and may occupy only a few square meters of space, they are limited to producing "thumb-nail" sized castings that are insufficient for the volume of waste (~2.5L/day) anticipated in this work. An "industrial-sized" arc melter may occupy a radioactive space of ~18 m 2 with an additional ~5 m 2 required in non-radioactive space for controls and cooling water. This size can potentially be scaled down to match the daily waste requirements of 2.5 L. In the typical application, the feed to an arc melter is in the form of coarse granules to small pellets. It is unclear if a powder, like the UDS and ε-metal from the dissolution of fuel, can be fed to the arc melter without substantial losses caused by the turbulence in the plasma. Tests at a vendor are needed to quantify the viability of a powder feed. If coarser powders are needed, additional hot cell space is needed to accommodate a press to make "green" compacts from the incoming powder feed-stock. We estimate that ~1 m 2 is needed for a bench-top system.
Induction Melting
In this method, a crucible is heated either through a susceptor or directly with a radio frequency induction coil (Figure 3 ). In the case of a metal that is to be heated, the metal itself absorbs the radio frequency energy and is, therefore, heated. The unit can be flushed with inert gas or run under vacuum. In the case of flowing gas, the system can be configured to run continuously and the liquid poured into a canister.
The example system in Figure 3 is rated to 150kW with an output frequency between 15-45 kHz. The work head can be located up to 30 m away from the power control module.
Copper coils of different inner working diameters, to accommodate different sized crucibles/work piece, can be affixed to the work head.
Advantages: These units are easy to operate. The metal is heated quite rapidly, 1 to 10 minutes. The cycle time is short allowing for multiple runs to be made during the day, hence a smaller melter.
Disadvantages:
As with the arc melter, volatility is the major disadvantage. Slag accumulation also represents a disadvantage, because the slag has a lower density and accumulates on the surface of the molten metal. It is another waste form that would require characterization and performance determination. Current experimental evidence suggests that exotic crucible materials may be needed to contain the molten metal. This results in an added complexity to this process.
Size: The equipment for this technique is very compact and requires the least amount of space of all the techniques evaluated: 1-2 m 2 of radioactive and non-radioactive space each. The cooling water supply may add another 1 m 2 of non-radioactive space for a total space requirement of 3-5 m 2 . 
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Furnace Melting
This method could be set up as a continuous or batch operation ( Figure  4) . Because of the high temperatures involved and the reactivity of the constituent metals to O 2 in air, these operations would have to take place in an inert atmosphere, indicating that a batch operation is more likely. Since the molten metal is reactive with typical crucible materials, such as alumina or graphite, a graphite crucible with a coating of CeO 2 or ZrO 2 would have to be used. The metal powders would be added either continuously or in batch to the crucible. In continuous operation, the overflow from the crucible would flow into a cold canister that would be located in an airlock. After filling the canister would be removed, sealed, and decontaminated. In batch mode, metal powder would be added to a crucible that, once filled, would be loaded into a canister and a new one put in its place. An alternate batch operation would be to place crucibles filled with metal powder on a conveyor through a tunnel furnace with the correct temperature profile and inert gas atmosphere. These high temperature furnaces are commonly used in the preparation of nuclear fuel pellets and operate at about 1500C with a H 2 atmosphere in a glove box.
The example shown in Figure 4 has a working zone of 30 cm x 30 cm x 30 cm and a choice of heating elements: tungsten (T max ~2500 °C), tantalum (T max ~2500 °C) or graphite (T max ~2500 °C). Other equipment variations include choice of atmosphere (vacuum, inert, reducing), loading access (top, bottom, front, bell jar) and working zone size. For example, a single 2.5 L cylindrical sample (Figure 1 ) could be fabricated using models with work zones ranging from ~254 mm dia.  ~356 mm height to ~1220 mm dia.  ~1830 mm height. Alternately, the 2.5 L total material volume could be incorporated into 2 cylindrical samples using a smaller model with work zone ranging from 127-150 mm dia.  254-305 mm height. The furnace can be located remote from the rest of the system.
Advantages:
Since there is a large body of experience with these types of furnaces, safe and efficient operations can be assured. Near continuous operation can be achieved. The sizing of the furnace would be scaled to meet the low demand of this operation.
Disadvantages: Coated crucible lifetime could be a problem especially if they are single use. Single use would mean that there would be either a significant secondary waste volume or decrease in the metal storage density b because of the volume occupied by the crucibles in which the metal would be contained.
b Storage density is defined as the actual volume occupied by a kilogram of waste in storage. The volume includes that occupied by the canister and other associated storage media. If a H 2 atmosphere is needed, implementation of extra safety measures and off-gas handling would be needed. While the footprint of a single batch furnace would be smaller than a tunnel furnace, the operation of the furnace would be complicated by the use of high temperatures in a confined space and the batch operation.
Size: As mentioned above, the footprint can vary quite a bit depending on the furnace type. For the example considered here. The space required could be on the order of ~3 m 2
Hot Uniaxial Pressing
In this technique, the metal powders are loaded into a die, usually graphite (perhaps coated) or alumina, with a moveable punch inserted from below and an opposing punch inserted from above. The die and punch assembly is heated to some temperature and pressure applied to consolidate the powders. Again, because the metals react with oxygen, the operation would have to be carried out in an inert atmosphere or under vacuum. The temperature used in this method would not be high enough to cause the metal or any alloy to melt, but sufficiently high to allow sintering of the metal to near theoretical density. One physical phenomenon that needs to be addressed is the volume changes that might occur as a various crystal phases form during the cooling of the metal. Slight expansions can cause the die body to be destroyed. However, this would be determined before a process is installed in an operating plant.
With a HUP ( Figure 5 ) there is a choice of heating elements (graphite (T max ~2250 °C), tungsten (T max ~2500 °C) or molybdenum (T max ~1700 °C)) and atmosphere (vacuum or inert gas atmospheres). As an example, a single 2.5 L cylindrical sample (Figure 1) could be fabricated by model HP55 (die size ~203 mm dia.  ~305 mm height (8"  12"), 30 tons press capacity), HP 100 (die size ~152 mm dia.  ~305 mm height (6"  12"), 50 tons press capacity), or other larger sized-load capacity models. Alternately, the 2.5 L total material volume could be incorporated into 2 cylindrical samples using a smaller press, HP50 (die size ~152 mm dia.  ~152 mm height (6"  6"), 25 tons press capacity). The furnace can be located remote from the rest of the system
Advantages: This process would be an inherently lower temperature process than those discussed above. Volatility of the metal with the highest vapor pressure would be essentially eliminated, since the temperatures are low and the system is 'semi-sealed' during the consolidation step. The metal billet that comes from this process is likely to be at or very close to the same density as from a melt process.
Disadvantages: Unless the die can be loaded while it is hot, this process is inherently slow. Thus, the die and punch set needs to be cooled after the consolidation has been achieved. Although large die and punch sets are available, it is uncertain if large enough ones (~3L maximum for 100 MWd/t fuel case; 0.5 L for 25 MWd/t [ Table 1 ]) are available to match the daily throughput requirements with a one cycle per day 2010a) ).
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process. Additionally, these presses occupy a lot of space; the larger the die and punch set, the larger the occupied space.
Size: The footprint is likely to be on the order of 4 to 8 m 2 and the height up to 3 m.
Hot Isostatic Pressing
Hot isostatic pressing is a variant of hot uniaxial pressing -consolidation under isostatic pressure and temperature. In this case, the metal powder is loaded into a metal can, perhaps coated with a CeO 2 or ZrO 2 . The can is evacuated and placed in a pressure vessel that contains heating elements. The temperature of the can is raised on some predetermined schedule while pressure is applied through gas pressure inside of the heated pressure vessel. Since the gas pressure is uniform (isostatic), the can consolidates in all directions. The cans are designed in such a way as to facilitate the consolidation and yield a product with uniform dimensions that is easily handled. The temperatures that are needed are insufficient to cause any melting in the product can. Volume changes from phase changes on cooling should not affect the integrity of the main containment.
A picture of a typical hot isostatic press is shown in Figure 6 . This unit features graphite furnace (T max ~2000 °C/3632 °F) and a maximum operating pressure of 207 MPa (30 kpsi). As an example, a single 2.5 L cylindrical sample (Figure 1 ) could be fabricated in its work zone that measures inner diameter of ~203 mm  ~305 mm height (8"  12"). Not shown in the image is a computer system that is used to controls the system Advantages: This process would inherently be a lower temperature process than arc, induction, or furnace melting. Volatility of the high vapor pressure metals would be eliminated because of the lower temperature and the sealed can. Hot isostatic pressing in radioactive waste management has been avoided for many years. However, it continues to be promoted by the scientists at the Australian Nuclear Science and Technology Organization and is now the baseline process for one of the wastes at the Idaho National Laboratory site (Zhang et al. 2008) and the high-level waste byproducts of medical molybdenum production in Australia (ANSTO 2011). 
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Disadvantages: This apparatus occupies a large space for the pressure vessel, controls, and gas handling and storage. Because it is a high pressure device, the safety requirements are likely to increase the footprint over that in a typical non-nuclear installation. The containment cans need to be carefully designed. A very reliable apparatus to seal the cans is needed to avoid a leak and possible subsequent contamination of the pressure vessel.
Size: A typical unit in which about 2.5 L of metal could be processed at once is about 1 m  0.5 m for the control unit plus about 1.4 m  2.4 m for the pressure vessel and associated equipment.
Spark Plasma Sintering
Spark plasma sintering is a type of fieldassisted sintering technique (Groza 2006) in which the sintering process is activated by the passage of high-amperage current/current pulse(s) through the powder while externally applied mechanical load is used to densify the powder ( Figure 7 ). Electrical discharges between the powder particles is believed to "clean" the particle surfaces of impurities, thus, enabling intergranular cohesion and enhancing neck formation. The passage of electric currents heats the powder particles with points of contact between powder particles (necks) heating preferentially. Thus, electric currents enhance plasticity and diffusion of matter to the necks leading to high densification rates. The powder is loaded into graphite die and the graphite loading rams themselves serve as the current conductors for the passage of current through the sample. For electrically conductive or insulating powders, the current may flow through either the powders or dies. With further increase in temperature, the conductivity of the powders can change, which, in turn, can influence the preferential path of the electric current and the resulting Joule heating. Process variables include current and pulse durations, external mechanical load, hold time and the sequence of application of current and load. Figure 7 shows and example that features a maximum operating temperature of 2200°C and can be used in vacuum, argon, nitrogen or helium atmosphere. It has a pressing capability of ~222 kN (25 ton) total force and a 10 kA, 10VDC pulsed power supply with manually adjustable and programmable squarewave form with current or voltage mode operation. The test chamber inside dimensions are 432 mm (17") wide  432 mm (17") deep  508 mm (20") high. Graphite punch and dies can be machined depending upon the size of the sample to be fabricated. Equipment can be custom-built with capability up to ~2220 kN (250 tons) of force and up to 60 kA current supply. 
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Advantages: This process may enable good intergranular strength between different phases and hence, be robust enough to handle different types of incoming materials. Of the various sintering processes examined in this report, this process is expected to require the lowest processing temperature and time due to enhanced sintering kinetics. Faster processing and lower processing temperatures will possibly result in reduced wear and tear of the equipment leading to longer continuous operation without the need for equipment repairs. Absence of global melting may also reduce any volatile radioactive species, although they would be contained within the die assembly.
Disadvantages: Similar to other sintering processes considered here, the process parameters for the spark plasma sintering process need to be determined. The effect of phase-change associated expansion of powdered compacts during sintering will also need to be considered to avoid failure of the dies. Size: A typical equipment and associated power supply, cooling water system etc. would occupy around 5 m 2 of space and a height of ~3 m. Less than half of the floor space would be needed by the hot press (located in the radioactive space) while the remainder equipment can be located remotely.
Microwave Sintering
Microwave or microwave assisted sintering is a technique where the microwave heating alone or in conjunction with conventional furnace heating, is used to sinter granular material. Typical furnaces (Figure 8 ) operate at 915 MHz or 2.45 GHz and have been used to sinter metals and oxide ceramics. Microwave sintering can produce fully dense parts and with small grain-size.
The microwave furnace in Figure 8 includes a 2.45 GHz generator operates with a variable output power ranging from 0.6-6 kW. The microwave furnace chamber is 203 mm (8") diameter  203 mm (8") height with a maximum operating temperature of 1600°C and a controlled atmosphere such as N 2 , Ar, N 2 + H 2 , Ar + H 2 and CO 2 .
Advantages: Microwave heating offers the advantage of heating the (powder) sample volumetrically whereas conventional radiant furnaces heat the outside of the sample while the inner areas heat more slowly through conduction. Therefore, rapid and uniform heating can produce fully-dense parts in an energy efficient manner. Since the sintering process does not require melting, volatile radioactive species should be minimized.
Disadvantages:
The limitations of the maximum temperature available in the commercial systems (~1500-1700 °C) and lack of knowledge on the microwave coupling with waste materials are the two main disadvantages. It is likely that a temperature of 1700 °C may be insufficient to sinter the hightemperature melting elements (such as Mo) as well as various oxides and other phases present in the waste. Further, the efficiency of microwaves to couple with the waste materials is also unknown and needs to be determined.
Size:
The entire system is quite compact and occupies < 2 m 2 floor space with ~2 m height. The microwave chamber, where sintering of the waste occurs, can be located in the hot space and would occupy ~1 m 2 of space while the controls can be located remotely.
Preferred Technology
Criteria used to evaluate the various technologies listed include: Flexibility in accepting wide-variety of feed-stock (chemistry, form, quantity), ease of long-term maintenance, space needed for their operation, generation of additional waste streams, cost, and any special considerations. Broadly speaking, sintering techniques have been ranked above the melting techniques (except hot uniaxial pressing) since consolidation can be accomplished at temperatures lower than the melting point, which simplifies the process operation, minimizes volatiles, and reduces maintenance.
Microwave sintering technique ranks highest because of the simplicity of the heating source (microwaves) and operation and very compact foot-print. However, since the maximum operation temperature (1700 °C) may be low relative to the temperature required to melt the metals involved. This method needs to be further investigated to validate it as the primary technique for processing the metal waste stream.
Spark plasma sintering is ranked second; it overcomes the potential drawback of "low" global operating temperature of microwave sintering because temperatures that exceed the melting point locally are generated at particle interfaces. Therefore, it has the distinct advantage that the volatility of metals is essentially eliminated while providing a nearly theoretically dense material. Little or no secondary waste is envisioned from this process, although there will occasionally be a spent die assembly. The equipment also has a small foot print and some development work is needed to better determine the viability of this technique.
Hot isostatic pressing is ranked third. It is a very mature technique is expected to produce fully dense materials. Owing to the use of pressurized equipment (100s of MPa), there is a potential, albeit low, danger of pressure vessel rupture and hence, this technique is ranked below the other sintering techniques. This technique may lend itself to treating multiple waste streams with the same basic process equipment because there is low chance of cross contamination due to the sealed containers being HIPed.
Induction melting is ranked fourth. It is ranked lower than the sintering techniques because melting can lead to volatility. It is ranked highest of the melting techniques because of the simplicity of equipment and operation. Problems associated with a cooled crucible and insulating it from the induction coils need to be worked out.
Another advantage of these first three methods is that there is less likelihood that a separate slag phase, from the oxide portion of the UDS, is generated. The non-metallic UDS is likely to be isolated in the metal as small granules.
Arc melting is ranked fifth. Although the apparatus is readily adapted for use in a hot cell and the process is fast and flexible, the large footprint of the apparatus (among the largest of the techniques examined) is the main reason for its low ranking. Although high throughput is not need, the speed with which the metal can be heated and cooled should minimize the volatile losses. The process can be made semicontinuous resulting in a single 2.5 L or two 1.25 L cans per day, depending on the burn-up of the fuel being processed.
